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ORIGINAL ARTICLE 

Early life risk factors of being overweight at 10 years of age: 
results of the German birth cohorts GINIplus and LISAplus 

Z Pei\ C Flexeder\ E Fuertes^'^ E Thiering\ B Koletzko^ C Cramer^ D BerdeP, I Lehmann^ C-P Bauer^ and J Heinrich^ 
for the GINIplus and LISAplus Study Group 

OBJECTIVE: To develop a prediction model that quantifies the risk of being overweight at 10 years of age. 
SUBJECTS/METHODS: In total, 3121 participants from the GINIplus (German Infant Nutritional Intervention plus environmental and 
genetic influences on allergy development) and LISAplus (Influences of Lifestyle-Related Factors on the Immune System and the 
Development of Allergies in Childhood plus Air Pollution and Genetics) German birth cohorts were recruited. We predicted 
standardized body mass index (BMI) at 10 years of age using standardized BMIs from birth to 5 years. Parental education, family 
income and maternal smoking during pregnancy were considered as covariates. Linear and logistic regression models were used to 
evaluate the impact of risk factors on BMI and on being overweight at 10 years of age, respectively. 
RESULTS: Birth weight, standardized BMI at 5 years (60-64 months) {/j = 0.77; 95% confidence interval (CI): 0.73-0.81) and 
maternal smoking during pregnancy were positively associated with standardized BMI at 10 years of age. Standardized BMI 
and overweight at 5 years were strongest predictors of being overweight at 10 years. Conversely, high parental education 
conferred a protective effect (/?= —0.15; 95% CI: -0.29 to —0.01). Being overweight at 5 years (60-64 months) increased the 
risk of being overweight at 10 years of age with odds ratios above 10. Among children who were predicted to be overweight 
at 10 years, cross-validation results showed that 76.8% of female subjects and 68.1% of male subjects would be overweight 
at 10 years of age. 

CONCLUSION: BMI and being overweight at 5 years of age are strong predictors of being overweight at 10 years of age. The 
effectiveness of targeted interventions in children who are overweight at 5 years of age should be explored. 
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INTRODUCTION 

Obesity is a major public health challenge. It is associated with 
numerous illnesses and often persists into adulthood.^ Being 
overweight during childhood and adolescence adversely affects 
the onset of many diseases later in life.^ Identifying children at risk 
of being overweight early on in life is essential for effective 
prevention and intervention.^ 

Shankaran ef alf* reported that children who are overweight at 
younger ages have a higher risk of being overweight at 1 1 years of 
age. Moreover, it was noted that measurements taken closer to 1 1 
years of age had greater predictive power. Similar results are found 
in other studies.^'* Several studies have also shown that birth 
weight and maternal smoking during pregnancy are associated 
with childhood obesity.''"^" Familial factors can explain up to 27% of 
the variance in a child's weight status.^ ^ There are also many other 
factors that increase the likelihood of being overweight later in life, 
such as rapid growth during the first two years of life, short duration 
of breastfeeding, obesity in infancy, short sleep duration, <30min 
of daily physical activity and consumption of sugar-sweetened 
beverages, and so on.^^'^^ Prediction models for being overweight 
and obese have previously been developed based on some 
of these determinants, but those utilizing information on body 



mass indices (BMIs) collected during very early life {<5 years) are 
scarce. 

In this study, we established an overweight prediction model 
using standardized deviation scores of anthropometric parameters 
collected during the first 5 years of life. Considering the availability 
of covariates and the aim of developing a concise and easily 
applicable prediction model, we only included parental education, 
socioeconomic status and maternal smoking during pregnancy as 
covariates. Cross-validation was used to test the validity of our 
prediction model. 

METHODS 

Study population 

Data from two ongoing German birth cohorts of healthy full-term neonates 
were used in this study. GINIplus (German Infant Nutritional Intervention 
plus environmental and genetic influences on allergy development) is an 
ongoing birth cohort study initiated to investigate prospectively the 
influence of a nutritional intervention during infancy, air pollution and 
genetics on allergy development. GINIplus participants (W = 5991 new- 
borns) were recruited from obstetric clinics in IVIunich, Leipzig, Wesel and 
Bad Honnef between September 1995 and July 1998. Details of the study 
design are described elsewhere.^'*''^ A total of 2252 newborns with atopic 
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heredity participated in a hydrolyzed protein infant formula intervention 
study for the first 4 months of life.''' This randomized controlled trial 
showed marginally different BMIs across formula groups during the first 
year of life, but this effect did not persist to 6 and 10 years of age.'^ A 
sensitivity analysis in which formula type was entered into the models as a 
confounder did not substantially change the results in this study (results 
not shown). LISAplus (Influences of Lifestyle-Related Factors on the 
Immune System and the Development of Allergies in Childhood plus Air 
Pollution and Genetics) is an ongoing birth cohort examining the impact of 
lifestyle-related factors, air pollution and genetics on immune system and 
childhood allergy development. In total, 3097 neonates were recruited 
from 14 obstetrical clinics in Munich, Leipzig, Wesel and Bad Honnef 
between November 1997 and January 1999. Two participants removed 
their consent to participate at the 6-year follow-up, and are not included in 
the analysis. A detailed description of the study's screening and 
recruitment has been described previously.'^'" Detailed information on 
allergy and traffic emissions was collected at the 6-year follow-up, and 
since this time, the term 'plus' was added to the previous names of the 
cohorts. This analysis is limited to the 3121 children who participated in 
the physical examination at the 10-year follow-up (1921 from GINIplus and 
1200 from LISAplus). 

Approval by the respective local ethics committees (Bavarian General 
iVledical Council, University of Leipzig, IVIedical Council of North-Rhine- 
Westphalia) and written consent from all participating families were 
obtained for both studies. 

Outcome and covariates 

Anthropometric measurements of weight and height were collected by 
pediatricians during physical examinations at birth, at weeks 4-6, at 
months 3-4, 6-7, 10-12, 21-24, 46-48 and 60-64 and at 10 years of age. 
Data from birth to age 60-64 months were obtained from administrative 
records and that at 10 years from a physical examination conducted as part 
of the 10-year follow-up of the GINIplus and LISAplus studies. 

BMI values were calculated from these weight and height measure- 
ments and transformed to standardized deviation scores (z-scores) 
according to the sex- and age-specific 'WHO-Child-Growth-Standards' for 
children.'^'" This standardization allows for comparisons across studies. 

At every time point, the standard deviation (s.d.) of our population's 
standardized BMI measurements was calculated. If a child's respective 
standardized BMI was greater than this s.d., the child was identified as 
being overweight at this time point, the methodology is consistent with 
WHO standards.^" 

The set of covariates examined were maternal smoking during pregnancy, 
family income and parental education level. As the distribution of family 
income was skewed, this information was grouped into three categories 
based on the quartiles of monthly average income per person in the 
household (low for <25%, medium for 25-75% and high for >75%). 
Parental education levels were defined based on the highest number of 
years either parent attended school (low < 10 years, medium = 10 years and 
high >10 years). 

Statistical analysis 

As male and female subjects have different developmental tracks for 
obesity,'^' analyses were conducted pooled and stratified by sex. 

Linear regression was used to analyze the effects of birth weight, 
standardized BMI measurements during the first 5 years of life and 
covariates on standardized BMI measurements at the age of 10 years. 
Logistic regression was used to assess the risk of being overweight at 10 
years and to verify the results obtained from the linear regression model. 
All models were adjusted for parental education, family income and 
maternal smoking during pregnancy. Multivariate analyses indicated that 
only birth weight and standardized BMI at the age of 60-64 months were 
significantly associated with the outcome of interest. Sensitivity analyses 
excluding variables at 60-64 months (for example, only including 
standardized BMIs up to the age of 46-48 months) and including variables 
at a later age (for example, also including standardized BMI at the age of 6 
years) were conducted. On the basis of the results from these models, birth 
weight and standardized BMI recorded at the age of 60-64 months 
appeared to be strong predictors of 10-year standardized BMI or being 
overweight at 1 0 years of age, and these two variables were selected in the 
main models (Figure 1, Model B). 

Among the available study population (A/ = 3121), 2272 children had 
complete information on all variables included in the linear model. To test 
the validity of the linear model, two-thirds (A/=1515) of the complete 



cases were randomly divided into a training data set, and the remaining 
third (W= 757) into a validation data set. The training data set was used to 
fit the linear regression model. The validation data set was used to 
compare predicted overweight status at 10 years of age with the true 
overweight status obtained from the physical examinations. The mean- 
square prediction error, sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) were obtained. In this study, 
sensitivity provides a measure for the percentage of correctly predicted 
overweight children out of those who were overweight and specificity 
provides a measure for the percentage of correctly predicted non- 
overweight children out of those who were not overweight. PPV reflects 
the probability of being overweight at 10 years if a child was predicted to 
be overweight using our model, whereas NPV reflects the probability of 
not being overweight at 10 years if a child was predicted as non- 
overweight. This procedure was repeated 1000 times and the mean and 
percentiles of these indices were calculated. 

Differences between male and female subjects, as well as between 
participants (/V=3121) and non-participants (A/ = 5965), of the 10-year 
physical examination were tested using Pearson's test for categorical 
variables or one-way analysis of variance for continuous variables. Study 
characteristics are described using means, s.d.'s or percentages. Model 
results are presented as linear regression coefficients (/?) for standardized 
BMIs and as odds ratios (OR) for being overweight (yes/no), with 
corresponding 95% confidence intervals (CI). The cross-validation results 
are presented using means and percentiles for each measure; 2.5th and 
97.5 percentiles refer to a 95% CI. P-values below 0.05 are considered 
statistically significant. All analyses were performed using the statistical 
software package R, version 2.14.1.^^ 



RESULTS 

Pooled and sex-specific characteristics of the participants of the 
10-year physical examination are summarized in Table 1. The 
mean birth weight was 3.40 kg (s.d. = 0.44) for female subjects and 
3.55 kg (s.d. = 0.46) for male subjects. The means of the 
standardized BMIs for examinations conducted during the first 6 
months of life were consistently negative for both genders. Those 
for the standardized BMIs obtained from physical examinations 
conducted after 1 year of age tended to be positive, with the 
exception of that calculated for months 60-54 ( — 0.03 and — 0.01 
for female subjects and male subjects, respectively). The s.d.'s 
were all approximately 1.0, as expected.^^ A mean standardized 
BMI <0 indicates that the entire distribution is shifted downward, 
which suggests that the majority of the study population have 
lower BMIs than the reference population. The mean standardized 
BMI for male subjects (0.24) at 10 years of age was statistically 
higher than for female subjects (0.13). Overweight rates in male 
subjects were slightly higher than in female subjects, but were not 
statistically significant. 

The baseline characteristics of participants and non-participants 
of the 10-year follow-up examination are compared in Table 2. 
Non-participants were more likely to have parents with low-to- 
medium levels of education, live in families with low income, have 
mothers who smoked during pregnancy and to be overweight at 
the age of 3-4, 46-48 and 60-64 months. 

The associations between the investigated covariates and 
standardized BMI at 10 years are presented in Table 3. When 
considering the entire study population, standardized BMI at 10 
years was significantly associated with birth weight (/? = 0.1 1; 95% 
CI: 0.03-0.19), standardized BMI at 60-64 months of age (/? = 0.77; 
95% CI: 0.73-0.81), high parental education (/J=-0.15; 95% 
CI: —0.29 to —0.01) and maternal smoking during pregnancy 
{;8 = 0.13; 95% CI: 0.03-0.22), but neither with high nor medium 
family income (/?= - 0.01; 95% CI: - 0.1 1 to 0.09 and /?= - 0.04; 
95% CI: - 0.12 to 0.04, respectively). As shown in Table 3, a 1-unit 
increase in standardized BMI at 60-64 months of age increased 
the standardized BMI at 10 years of age by 0.78 in female subjects 
and 0.77 in male subjects. Maternal smoking during pregnancy 
had a positive effect on standardized BMI at 10 years of age 
among female subjects and male subjects (j8 = 0.15 and 0.11, 



European Journal of Clinical Nutrition (2013) 855-862 



© 2013 Macmillan Publishers Limited 



A 10-year overweight prediction model 
Z Pei et al 



857 



„ 30- 
< 



25- 



20- 



g 15- 
cu 
> 
o 

o lo- 
co 
o 

p 



O 



Females (N = 1114) 



i I I I 



I I... 



30 



25 



a 20 



15 



o 

o 10 

CO 

O 

5 

CO 
■D 
T3 
O 



Males (N = 1158) 



J X I I... 



'CD 

5 



CO 


CO 


CO 


CO 


CO 


CO 


c 


c 


c 


c 


c 


c 


o 


o 


o 


o 


o 


o 


E 


E 


E 


E 


E 


E 




1^ 


CM 




00 


CD 


! 


( 




C\l 




CO 


CD 


5 


i 


! 

CD 


i 

O 
CD 


a 


a 










!c 








ra 




a> 










n/vei 


nwei 


eigh 


CD 


eigh 


ie\g\ 


o 
> 


CD 

> 


s 


S 


g 


verw 


o 


o 




ai 








S 


> 
o 


> 
o 


o 



c 


c 


0 


g 


g 


E 




■co 


ICO 


0 


0 






i— 


ed 


ed 








fam 


ra 


ra 


c 


c 


£ 


E 


E 






CO 


CO 




Q. 


a. 


73 


um 


JZ 


0 


ij> 


E 


T3 


!c 





T3 

a> 
c 

O 
E 



g) 

CD 

S 



CD 



CO 


CO 


CO 


CO 


CO 


CO 


c 


c 


c 


c 


c 


c 


0 


0 


0 


0 


0 


0 


E 


E 


E 


E 


E 


E 


! 


1^ 

( 


CM 


C\l 


00 
^ 


CD 


CO 


CD 


5 


i 


ci 


i 

0 
CD 


■5 


a 










!c 












a> 










nwei 


nwei 








IJ> 


0) 


CD 


CD 


CD 


CD 

> 


CD 

> 


g 


S 


g 


verw 


0 


0 




ai 








s 


> 
0 


> 
0 


0 



CO CO E 

•E H 

,1 ■= P CD p 

m CO t b 



.2> E 



■o 

CD 

c 

O 
E 



„ 30 
m 

CO 

I 25 
o 

■Jo 20 

I 15 

> 
o 

o 10 

CO 

g 

5 

CO 

■a 
■a 
O 



I 












T 






I 


I 


I 


J 






CO 


c 


c 


CD 


CD 








0 


0 


E 


E 


0 
(— 


0) 

g 


mon 


ucat 


ucat 


oou! 


nco 


gnai 


rth 


■3- 

CD 

! 


ed 


eo 


_>. 








CO 


CO 


E 


1 


during 


high 


at 60 


arent 


arent 


um fa 


gh fa 








Q. 












E 




CD 




c 




"cD 




CD 


E 








vera/ 


edi 








mo 




E 












0 










nal 



30 



25 



■5 20 



15 



g> 

g 

> 
o 

o 10 

CO 

g 

5 

CO 
73 
73 
O 



c 


c 


0 


0 


■5 


■5 


a 


0 






73 


73 


CD 


CD 




ra 


c 


c 


£ 


£ 


CO 


CO 


Q. 


Q. 


um 


igh 


73 


sz 


CD 




E 





CD 


CD 


E 


E 


0 


0 


0 


0 


_c 








mi 


jOI 


ra 








um 


!3> 


73 




CD 




E 





lU ^ 



Figure 1. ORs for the association between risk factors and being overweight at 10 years. Models included (A) all categorized standardized BMIs 
during the first 5 years of life and all covariates and (B) only select variables. Variables were selected based on multivariate models, in which only 
birth weight and standardized BMI at 60-64 months were constantly associated with the outcome of interest. Parental education, family income 
and maternal smoking during pregnancy were included as covariates. The reference populations used in the models for being overweight at 
different ages were the corresponding non-overweight participants. The lowest scales of parental education and family income were used as the 
reference categories for these variables. Maternal non-smokers were used as the reference population for maternal smoking during pregnancy. 
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Table 1. Characteristics of participants of the physical examination at 


10 years of age 














Mean (s.d.) or 


% fn/N) 




Girls (n = 1533) 


Boys fn = 1588) 


Study cohort 










GINIplus 


62.9 


(964/1 533) 


60.3 


(957/1588) 


LISAplus 


37.1 


(569/1 533) 


39.7 


(631/1 5oo) 


Study center 










Munich 


53.6 


(822/1 533) 


54.4 


(863/1 588) 


Wesel 


30.4 


(466/1 533) 


29.8 


/ A T5 /I COO\ 

(473/1 5oo) 


Leipzig 


1 0.7 


( 1 64/ 1 533) 


1 1 .0 


/ 1 "7/1 /I CQO\ 

(1/4/1 5oo) 


Bad Honnef 


5.3 


(81/1533) 


4.9 


(78/1588) 


Parental education^ 










Low 


4.8 


(73/1527) 


5.9 


(93/1 582) 


Medium 


26.6 


(406/1 527) 


26.9 


(425/1582) 


High 


68.6 


(1048/1527) 


67.3 


(1064/1582) 


Family income'^ 










Low 


20.5 


(288/1403) 


23.3 


(337/1446) 


Medium 


48.8 


(685/1403) 


46.7 


i^^r /I A 

(675/1446) 


High 


30.7 


(430/1403) 


30.0 


(434/1446) 


Maternal smoking 


13.9 


(194/1398) 


11.8 


(173/1469) 


during pregnancy 










Birth weight'^ (kg) 


3.40 


(0.44) 


3.55 


(0.46) 


Standardized BMf^ 










4-6 weeks 


— 0.41 


(0.93) 


- 0.36 


(1 .04) 


3-4 months 


— 0.52 


(0.98) 


- 0.45 


(1.06) 


6-7 months 


— 0.33 


(0.99) 


- 0.33 


(1.08) 


10-12 months 


0.03 


(0.95) 


0.05 


(1.05) 


21-24 months 


0.26 


(0.97) 


0.29 


(1.06) 


46-48 months 


0.05 


(0.87) 


0.12 


(0.95) 


60-64 months 


-0.03 


(0.87) 


-0.01 


(0.97) 


10 years" 


0.13 


(1.01) 


0.24 


(1.10) 


Overweight'^ 










4-6 weeks 


6.8 


(100/1467) 


8.1 


(123/1515) 


^ - A m n n + n c 

D ^ \ \ l\J\ \ LI 1^ 


6.3 


(92/1456) 


7.3 


(110/1503) 


6-7 months 


9.1 


(132/1445) 


9.2 


(138/1500) 


10-12 months 


16.5 


(227/1373) 


16.3 


(232/1424) 


21-24 months 


21.8 


(318/1458) 


23.8 


(358/1 506) 


46-48 months 


15.1 


(219/1452) 


15.7 


(236/1499) 


60-64 months 


13.1 


(180/1377) 


12.8 


(180/1411) 


10 years 


20.3 


(311/1529) 


21.1 


(335/1587) 


Abbreviations: BMI, body 


mass index; GINIplus, German Infant Nutritional 


Intervention plus environmental 


and genetic influences on allergy 


development; LISAplus, 


Influences 


of Lifestyle-Related Factors on the 


Immune System and the Development of Allergies 


in Childhood plus 


Air Pollution and Genetics; WHO, World Health Organization. ^Categorized 


according to the highest number of years either parent attended 


school: low < 1 0 years, medium = 1 0 years and high >10 years. ''Defined 


according to quartiles 


of monthly average income: 


low < 25%, 


medium = 25-75% and 


high >75%. '^Significant difference between 


female and male subjects. Calculated using 


WHO 


macros.^"'^^ 


"According to WHO definition.^" 









respectively), but was only significant among female subjects 
(P=0.02). 

Being overweight at the age of 60-54 months was a strong risk 
factor for being overweight at 10 years of age (Figure 1). Children 
who were overweight at the age of 60-64 months were 
approximately 15 times more likely to be overweight at the 
10-year examination compared with children who were not 
overweight at the age of 60-64 months. This effect was strongest 
among female subjects (OR =17.75; 95% CI: 11.62-27.10 vs 
OR =12.40; 95% CI: 8.41-18.26 for female subjects and male 
subjects, respectively). The association between high parental 

European Journal of Clinical Nutrition (2013) 855-862 



education and being overweight at 10 years of age was also 
statistically significant among female subjects (OR = 0.44; 95% CI: 
0.22-0.89 vs OR = 0.70; 95% CI: 0.36-1.35 for female subjects and 
male subjects, respectively). Birth weight and maternal smoking 
during pregnancy were significant in the prediction model for the 
entire population. In the stratified analysis, maternal smoking 
during pregnancy (OR = 1 .63; 95% CI: 1 .02-2.59 vs OR = 1 .1 7; 95% 
CI: 0.71-1.91 for female subjects and male subjects, respectively) 
and high parental education (OR = 0.44; 95% CI: 0.22-0.89 vs 
OR = 0.70; 95% CI: 0.36-1.35 for female subjects and male 
subjects, respectively) were more strongly associated with being 
overweight at 10 years of age among female subjects compared 
with male subjects. 

The cross-validation results of the linear prediction model are 
presented in Table 4. In all, 37.0% of female subjects and 38.0% of 
male subjects who were overweight at 10 years of age were 
predicted as being overweight; 97.2% of female subjects and 
95.5% male subjects who were not overweight at 10 years of age 
were predicted as being not overweight. Among children who 
were predicted to be overweight at 10 years, 76.8% of female 
subjects and 68.1% of male subjects were actually overweight at 
10 years of age. Finally, among children who were predicted to be 
not overweight at 1 0 years, 86.2% of female subjects and 85.8% of 
male subjects were actually not overweight at 10 years of age. 

DISCUSSION 

We developed a model that uses anthropometric parameters 
during the first 5 years of life to predict whether a child will be 
overweight at 10 years of age. Birth weight, standardized BMI at 
the age of 60-64 months, parental education, family income and 
maternal smoking during pregnancy were included in the final 
prediction model. High birth weight, high standardized BMI 
at approximately 5 years of age (60-64 months) and maternal 
smoking during pregnancy increased the risk of being overweight 
at 10 years. Conversely, children of parents with high parental 
education were less likely to be overweight at 1 0 years of age. The 
sensitivity of our model was low, but the specificity was high. The 
PPV was higher in the model for female subjects; the NPV was 
similar across genders. 

Previous studies have consistently shown that birth weight 
is positively associated with being overweight or obese 
later in life."*'^"* This association is linear in some studies^^ and 
U-shaped in others.^^ In our study, birth weight was positively and 
linearly associated with standardized BMI at 10 years, but this 
effect was only significant among male subjects. High birth 
weight was associated with being overweight at 10 years of age, 
although the association was not statistically significant. One 
possible reason for the linear relationship between birth 
weight and BMI later in life is that only full-term neonates with 
a birth weight >2.5 kg were included in our study. Children with 
low birth weight tend to show catch-up growth, which might 
be associated with being overweight later in life. 

In our study, we considered the effect of standardized BMIs 
calculated at different time periods throughout early life and 
childhood on standardized BMI and being overweight at 10 years 
of age. Only the standardized BMI at 60-64 months of age was 
significantly associated with being overweight at the age of 10 
years in all models. BMIs up to the age of 4 years do not appear to 
be closely related to BMI at age of 10 years. These results support 
the concept that the time and slope of the adiposity rebound, that 
is, the age at and degree of increase in BMI from the age of 
approximately 5 years onwards, is a key predictor of later obesity 
risk.^''"^" This hypothesis is in line with the recent observation that 
preschool and primary school age are the most critical periods for 
determining obesity later in llfe.^^ The important impact of the 
adiposity rebound on later body size may explain why BMI at the 
approximate age of the adiposity rebound was closely related to 
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Table 2. Differences between participants and non-participants of the 10-year 


physical examination 




Mean (s.d.) or % (n/N) 




Participants (n = 312l) 


Non-participants (n = 5965) 


Total (n = 9086) 


Gender male 


50.9 (1588/3121) 


51.5 (2988/5804) 


51.3 (4576/8925) 


Study cohorf 
GINIplus 
LISAplus 


61.6 (1921/3121) 
38.4 (1200/3121) 


68.2 (4070/5965) 
31.8 (1895/5965) 


65.9 (5991/9086) 
34.1 (3095/9086) 


Study center^ 
IVlunich 
Wesel 
Leipzig 
Bad Honnef 


54.0 (1685/3121) 

30.1 (939/3121) 
10.8 (338/3121) 

5.1 (159/3121) 


45.7 (2729/5965) 
41.1 (2451/5965) 
10.7 (638/5965) 
2.5 (147/5965) 


48.6 (4414/9086) 
37.3 (3390/9086) 

10.7 (976/9086) 
3.4 (306/9086) 


Parental education"'^ 
Low 
Medium 
High 


5.3 (166/3109) 
26.7 (831/3109) 
67.9 (2112/3109) 


13.4 (788/5881) 
31.0 (1825/5881) 
55.6 (3268/5881) 


10.6 (954/8990) 
29.5 (2656/8990) 
59.8 (5380/8990) 


Family income^''^ 
Low 
IVledium 
High 

IVlaternal smoking during pregnancy" 
Birth weight (kg) 


21.9 (625/2849) 

47.7 (1360/2849) 
30.3 (864/2849) 

1 2.8 (367/2867) 
3.47 (0.46) 


25.3 (421/1666) 

47.8 (797/1666) 

26.9 (448/1666) 
20.8 (1112/5358) 
3.47 (0.46) 


23.2 (1046/4515) 
47.8 (2157/4515) 
29.1 (1312/4515) 
18.0 (1479/8225) 
3.47 (0.46) 


Standardized BMi^ 
4-6 weeks 
3-4 months" 
6-7 months" 
10-12 months 
21-4 months 
46-48 months 
60-64 months 
10 years 


- 0.38 (0.99) 

- 0.48 (1 .02) 

- 0.33 (1 .04) 
0.04 (1.00) 
0.27 (1.00) 
0.09 (0.91) 

- 0.02 (0.92) 
0.19 (1.06) 


- 0.36 (0.99) 

- 0.40 (1 .04) 
-0.28 (1.05) 

0.07 (1.02) 
0.25 (1.03) 
0.09 (1 .00) 
0.00 (0.99) 


- 0.37 (0.99) 

- 0.44 (1 .03) 
-0.30 (1.05) 

0.06 (1.01) 
0.26 (1 .02) 
0.09 (0.96) 
-0.01 (0.95) 
0.19 (1.06) 


Overweight'^ 
4-6 weeks 
3-4 months" 
6-7 months 
10-12 months 
21-24 months 
46-48 months" 
60-64 months" 
10 years 


7.5 (223/2982) 
6.8 (202/2959) 
9.2 (270/2945) 
1 6.4 (459/2797) 

22.8 (676/2964) 
15.4 (455/2951) 

1 2.9 (360/2788) 
20.7 (646/3116) 


7.9 (342/4333) 
8.0 (343/4288) 

10.2 (427/4200) 
1 7.6 (709/4032) 

22.3 (853/3822) 
17.1 (551/3214) 
14.8 (397/2692) 


7.7 (565/7315) 
7.5 (545/7247) 

9.8 (697/7145) 
17.1 (1168/6829) 
22.5 (1529/6786) 
16.3 (1006/6165) 
13.8 (757/5480) 
20.7 (646/3116) 


Abbreviations: BIVll, body mass index; GINIplus, German Infant Nutritional Intervention plus environmental and genetic influences on allergy development; 
LISAplus, Influences of Lifestyle-Related Factors on the Immune System and the Development of Allergies in Childhood plus Air Pollution and Genetics; WHO, 
World Health Organization. "Significant difference between participants and non-participants. ''Categorized according to the highest number of years either 
parent attended school: low <10 years, medium = 10 years and high >10 years. "^Defined according to quartiles of monthly average income: low <25%, 
medium = 25-75% and high >75%. ''Calculated using WHO macros^**''^. "According to WHO definition.^" 



BMI at 10 years of age, and BMIs at earlier ages were not. Children 
who already have a high BMI at the age of 60-64 nnonths are 
expected to have an earlier age at and a steeper slope of the 
adiposity rebound. In line with our observation, Angbratt et al.^ 
also reported that BMI at 5 years was closely associated with BMI 
at 15 years. 

We did several additional sensitivity analyses to confirm the 
observed high ORs at 60-64 months of age. First, we included 
being overweight restricted up to the age of 46-48 months in the 
models, but excluded being overweight at 60-64 months of age. 
In these models, being overweight at 4 years (46-48 months) was 
significantly associated with being overweight at 10 years. The 
magnitude of the 4-year effect decreased substantially when 
variables at 60-64 months were reintroduced into the models. 
Second, when we added being overweight at 6 years to the 
models, being overweight at 5 years remained significantly 



associated with being overweight at 10 years, whereas the 
estimate associated with 46-48 months was no longer significant. 
In summary, BMI/overweight at 5 years (60-64 months) is a 
stronger predictor of body weight status at 10 years than any 
other earlier ages we examined. However, these models also imply 
that being overweight closer to age 10 years may better predict 
being overweight at 1 0 years of age. This hypothesis is in line with 
another longitudinal study based on 907 children, followed from 
birth to age 1 1 years, which concluded measurements closer to 1 1 
years of age better predicted being overweight at 1 1 years of 
age.^ As the numbers of subjects with measured BMI at 6 years in 
this study were only half of the total population available, and as 
our results already revealed that from age 5 years onwards, being 
overweight was predictive of being overweight at 1 0 years of age, 
we did not include information collected at 6 years in the main 
models. 
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Table 3. Linear regression coefficients for the association between potential risk factors and standardized BMIs at 10 years 


Risk factors^ 


Females (N=U14) 


IVIales (N= 1158) 






Total (N = 2272) 






lib 

|i 


95% CI 


P-value 


P 


95% Ci 


?-value 


P 


95% a 


P-value 


Birth weight 


0.09 


— 0.01, 0.19 


0.08 


0.1 1 


0.01, 0.21 




nil 

U. 1 1 


u.Ud, U. I y 


U.UUz 


jianGaruizcd tsivii at ou— montns 


0.78 


{J./z, U.o4 


< 0.001 


0.77 


\J./5, O.o 1 


<. U.UU f 


u./ / 


n 7'3 n Qi 

U./ D, U.O 1 


^ U.UU 1 


ronitly incomG 




















Low 


Ref. 






Ref. 






Ref. 






Medium 


0.00 


-0.12, 0.12 


0.93 


-0.07 


-0.19, 0.05 


0.23 


-0.04 


-0.12, 0.04 


0.37 


High 


0.04 


-0.10, 0.18 


0.50 


-0.06 


- 0.20, 0.08 


0.35 


-0.01 


-0.11, 0.09 


0.76 


Parental education'' 




















Low 


Ref. 






Ref. 






Ref. 






Medium 


-0.12 


-0.34, 0.10 


0.27 


-0.06 


-0.26, 0.14 


0.53 


-0.10 


- 0.26, 0.06 


0.19 


High 


-0.15 


- 0.37, 0.07 


0.15 


-0.15 


- 0.35, 0.05 


0.14 


-0.15 


-0.29, -0.01 


0.03 


Maternal smoking during pregnancy 


0.15 


0.01, 0.29 


0.02 


0.11 


- 0.05, 0.27 


0.16 


0.13 


0.03, 0.22 


0.01 


Abbreviations: CI, confidence interval; Ref, reference; WHO, World Health Organization. "Only risk factors that were associated with standardized BMI at 10 
years were included in our prediction model. ''Estimated change in 10-year standardized BMI. "^Calculated using WHO macros.(18, 19). ''Defined according to 
quartiles of monthly average income: low <25%, medium = 25-75% and high > 75%. ''Categorized according to the highest number of years either parent 
attended school: low <10 years, medium = 10 years and high >10 years. 



Table 4. Cross-validation results (n = 1000 iterations) for the prediction modeP 







Girls (N=ll 14) 






Boys (N = 


1158) 






Total (N = 2272) 




Mean 


2.5% Quantile 97.5 


% Quantile 


Mean 


2.5% Quantile 


97.5 


% Quantile 


Mean 


2.5% Quantile 97.5 


% Quantile 


MSE 


< 0.001 


< 0.001 


0.003 


0.002 


< 0.001 




0.005 


< 0.001 


< 0.001 


0.002 


Sensitivity (%) 


37.0 


27.2 


47.1 


38.0 


28.8 




48.3 


37.1 


30.8 


44.1 


Specificity (%) 


97.2 


95.3 


98.9 


95.5 


93.1 




97.6 


96.5 


95.1 


97.8 


PPV (%) 


76.8 


63.3 


88.9 


68.1 


56.0 




80.5 


72.5 


64.0 


81.1 


NPV (%) 


86.2 


82.8 


89.5 


85.8 


82.7 




89.0 


86.1 


83.9 


88.3 



Abbreviations: BMI, body mass index; MSE, mean-square prediction error; PPV, positive predictive value; NPV, negative predictive value. "Based on the 
linear prediction model. Being overweight was defined using standard deviations of standardized BMIs at 10 years of age (girls: >1.01; boys: >1.10; 
total: >1.06). 



Several studies have shown that maternal smoking during 
pregnancy increases the risk of being overweight or obese among 
children.^'^^'^^ In our study, we found a significant association only 
among female subjects. Further studies are needed to replicate 
this result and investigate whether and why gender-specific 
effects exist. One hypothesis may be that tobacco smoke exposure 
Impacts the metabolism In female subjects differently than that in 
male subjects. Because second-hand smoking is also a risk factor 
for being overweight or obese,^"* we also studied the effect of 
this covarlate on standardized BMI at 10 years, but found no 
significant associations. 

In previous works, parental education, family household income 
and occupational status were combined Into one socioeconomic 
status variable (SES).^^'^^ Parental education is an Independent risk 
factor for being overweight,^'' and there are complex patterns that 
govern the associations between family Income and being 
overweight, which can also differ by race and gender.^^ To try 
to disentangle these effects, we studied the effect of parental 
education and family income on the risk of being overweight at 1 0 
years using two separate variables. 

A recent Dutch study reported that changes In BMI s.d. scores in 
each 1 -year-interval from birth up to the age of 8 years were all 
significantly associated with being overweight at 8 years of age. 
The results of this study suggest that there is no specific critical 
time period during development that Is notably associated with 
being overweight later In childhood.^^ In contrast, our results 
show that BMI at approximately 5 years of age, which might be 
the time of the adiposity rebound, is a strong predictor of being 



overweight later In life. There are Important differences between 
this study and the recent Dutch study, which may explain the 
differing results. First, self-reported and measured anthropometric 
data were combined in the Dutch study, whereas only 
anthropometric data collected during physical examinations was 
used in our study. Thus, reporting bias and consequently 
misclassification of being overweight is likely lower in this study. 
Second, the previous Dutch paper had a larger sample size than 
this study (3963 vs 2272), but had fewer children with complete 
information on all variables (489 vs 2272). Missing data were 
imputed in the Dutch study, whereas we limited our analysis to 
only those children who provided complete information. Imputing 
values may introduce more information bias and a greater 
uncertainty In the results, which could offset the benefits of a 
greater sample size. Third, confounding variables were taken into 
account in our study, whereas models were not adjusted for 
potential confounders in the Dutch study. Finally, information 
before 2 years of age was available at more time points In 
our study (at birth, at weeks 4-6, at months 3-4, 6-7, 10-12 in our 
study compared to at birth, at 3 months, at 1 year of age for the 
Dutch study). 

Nonetheless, our study is not without limitations. Loss to follow- 
up is inevitable In cohort studies. In our study, 5965 (65.7%) 
subjects originally recruited at birth did not participate In the 
1 0-year physical examination. Non-participants were more likely to 
be overweight, come from a family with a low household Income 
and low parental education, and their mothers were more likely to 
have smoked during pregnancy. A second limitation of this study 
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is that we did not consider all known causes of childhood obesity, 
such as genetic variation, epigenetics, endocrine disease, diet, 
physical activity and sleep. These risk factors are not available in 
both the GINIplus and LISAplus study. Furthermore, including a 
large number of covariates into the prediction model would have 
hindered our goal of developing a concise and simple model for 
application. 

On the basis of our prediction model, we found that high birth 
weight, high standardized BMI at approximately 5 years of age 
and maternal smoking during pregnancy increased the risk of 
being overweight at 10 years of age. Conversely, having parents 
with a high level of education decreases this risk. The effects of 
targeted interventions focused on 5-year-old overweight children 
should be explored. The prediction model we have developed can 
be used to identify children at high risk of becoming overweight 
at the age of 10 years. 
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